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Determination of exposure to environmental tobacco smoke in restaurant 
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Appfaxifflaiely 173 subjects employed as wsi(e(S. vtittaecs, ar benenden in (he Kooxville. TN, Stendsnl MemapoUian Smuiieal Am calleccni a mnple of 
■ir fiain (heir bmibing sane urtiile it itieir voikpiKe Ibr one ahiR. In idditioo. ifU amplea were placed near die wurfc spaces of many of the subjects. 
Collecttd Kinples were anilyzed for reopirablc suspended pinicuifle tnoller {RSPM}, ultreviola* absorbing and fluestscing paniculaie mntler, solanesol, 3 - 
edienyl pyridine (3-EP),andnici>tine. Saliva sainples were collecail fhsm the subjects prior to lod wtifain 2c hfollowiflgdteir work shift, to coniinn their 
non-smoking status. The rengeefeancenirariafls of environmenBi tobacco imoke (ETS) constjnieAlS eneoUnCcrcd wes considoeble, e.g„ for nicotine, from 
undetcelabte (□ more than 1 DO tig/m'. However, die highest RSP levels observed were conaidenibly lower (hen OSHA workplace standards. Oisoibutiotu of 
BTS eoneeottitioiis Suggest that there are two “ETS eaposure" rypa of bertenders; these Aar wotk in single room bars and those Aai work in larger, mulb - 
room lesiaiiiani/baie. Personal esposure to ETS of die former gtoup was eo. tOx greater than those of the latter group, who were exposed to ETS levels moie 
campareble to those encountered by wait smfC Exposute (conccnOananxdijiafiDn) diffeiencea between wait staff and woiken in other types of unrestticted 
smoking environmeots repotted in oiber studiessuggestthacexposuies in the leamiuantenvironrnent may be more difficult ra assess tban originally considemd. 
Salivary cotinine leveb indicated that Ibr dwsc subjects living in smoking homes, ETS exposures ouside die workplace are at least as trnponant as Aase in the 
vfotkplsce, Jbitmaf o/Espojtor Anafysis and Enmarcmental Epidtmiology (2000) 1®, 36 - 49. 

Keywords: areis sampling, bars and irszavrants, horsenders, oodnine, rirviromtensal tobaeeo smstkt, tiposum, haspitoliiy wo^herx Knoxville SMSA, 
nicotlna. persona] monitorint second hand smoke, soiemesoi, waiteri and waitreBei, J-Eihylene pyn'rffite. 


Introductloji 

Occu^aridnal expasure to environmental tobacco smoke 
(ETS) baa been a subject of considerable interest and 
legulatory consideration, In 1994, the Occupations! Safety 
and Health Administration (OSHA) proposed severe 
restrictions on smoking in workplaces (U.S. Department 
of Labor, J994). By 1995, 71% of workplaces, as 
determined by the Iniemational Facility Management 
Association, had reported some form ofsmoking tescriction. 
as reported by the Congressional Research Service (Red- 
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head and Rowberg. 1995 ), This is in contrast to 1991, when 
only 42% of workplaces reported restricriotia. Because of 
the changing nature of smoking in the workplaces, many 
investigatoTs and public health agencies consider restaurant 
wait staff and bartenders to be rwo of the more highly 
exposed occupational categories. In some cases, states or 
smaller communities have passed no-smoking ordinances 
for restaurants or taverns (Glantz and Smith. 1994, 1997. 
Centers for Disease Control and Prevention, 1995). Several 
studies have been conducted to determine ETS levels in 
restaurants or bars (Thompson et at., 1989; Oldaker et al., 
1990; Brunnemann et al., 1992; Collett et al., 1992; Turner 
et al., 1992; Lambert et al., 1993). However, these studies 
have been limited to either short-duration area measure¬ 
ments or personal monitoring measurements on surrogate 
“customers.” Siegel has reviewed several of these pub¬ 
lished studies, and concluded that restaurant workers and 
bartenders receive exposures (concentration x duration) to 
ETS which are a factor of 1.5 and 4.4, respectively, greater 
than those received by someone living with a smoker. 

Because it captures human activity psnetns, personal 
exposure determination is believed to be a more accutaie 
method than area monitoring forjudging the time-averaged 
concentration to which a worker is exposed. Despite this 
perception, there have been few reports in the scientific 
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literatus directed at the deteimiuBtioii of peisonal exposure 
to ETS fbr wBiiers, waitresses, and/or banradeis. In part, 
this may be due »the feci that it is difficult to get subjects to 
wear sampling systems when interacting with the public to 
such a hi^ degree. In a study of personal exposure to ETS 
conducted by fee authors (Jenkins etal., 1996), 14 subjects 
(of 1564) reported themselves as being in the job class of 
Waiters /Waitresses/Bartendeis (no distinction was made), 
working in fecilities where smoking was pemuoed, and had 
a salivary eotinine level which confinned feeir non* 
smoking status. Median 8-h time-weighted average 
(TWA) levels of 3-ethenyl pyridine (3-EP), nicotine, 
fluorescing pardculatc matter (ITTd), and ETS particles as 
determined ftom solanesol (Sol-PM) were 1.12 fig/m?, 
3.83 14.6 >lg/m^ and 5,03 ng/m^, respectively. 

Because of fee small sample size, it is difficult to assess 
conclusively ftom this data set fee personal exposures to 
ETS for this jefe classification. The limited number of 
subjects may have been attributed to fee feet that logistical 
constraints of feat study required subjects m work a 35+-h 
work week on a regular (8 am.— 5 p m.) shift. Many 
workers in. this job class simply do not work during those 


hours. 

There have been few direct comparisons of area sampling 
ws. personal exposure monitoring for ETS constituents. Two 
Itudies (Crouse and Oldaker. 1990: Jenkins et al., 1991) 
focusing on short-duration roeasuremetHS provided con¬ 
flicting results. Crouse et al. reported that area samples of 
ETS nicotine collecmd with a small, briefcase sampler 
yielded somewhat higher levels than personal exposure 
measurements. In the study repotted by Jenkins et al. 
(1991). no difference was found between short-duration 
area and personal exposure measuretnents in smoking 
environments. In a study using ca. 8*h TWA levels reported 
by Sterling et al. (1996), median personal exposure levels 
of ETS constituents for 25 subjects in two fecilitiea were not 
statistically different from those of several area measure¬ 
ments made in fee same facility. 

The purpose of the study reported here is to proride for 
an initial determination of the personal exposure lo ETS 
constituents for this occupational class. In addition, placing 
area samplers in many of the facilities in which the subjects 
worked during their work periods provided the opportunity 
to assess the efficacy of using area measurements as i 
surrogate of personal exposure for this group of workers. 


Methods 


5/i(dv Design 

rhe goal of the study was to recruit a minimum of SO 
Subjects in each of two occupational categories: waiters/ 
waitresses and baricndere. Subjects were informed that they 
would be paniciparing in an indoor air quality study, but not 


that the primary target of fee study was ETS conshtuenta. 
Each subject was to wear a personal air sampling pump fiir a 
minmnmi of 4 h during his/her work shift, wife the 
understanding feat some subjects would actually work 
longer than 4 h. Where possible, area samplers were placed 
in or near fee work areas of the subjects during fee period in 
which personal sampling was being conducted. Alfeottgh all 
subjects were recruited on the basis of tun-smoking status, 
salivary eotinine level was used to assess actual smoking 
status. Because of fee anticipated difficulty of recruiting a 
sufficieni number of subjects for fee study, no attempt was 
made to recruit a subject population in such a way as to be 
demographically represenarive of the non-smoking mem- 
bei 3 of the classes of occupations on a national, regional, or 
local basis. 

Four iristicucions were involved in the study; Oak Ridge 
National Laboratory (ORNL) — staff were responsible for 
overall study desigtt and implementation, field operations, 
air sample analysis, and data analysis and reporting; Labsiat 
(Kitchener, Ontario) — responsible for salivary coiinine 
analysis; Amick Research (Knoxville, TN) — responsible 
for questionnaire development and organization, subject 
recruiting, and data coding, as well as assistance with field 
operations; The Tombras Group (Knoxville, TN) —■ 
provided assistance wife recruiting and administrative 
support to Amick Research. 

Subjecr-Recminitg and Resviring Demographics 
Field operations were conducted from November 1996 
through January 1997. Subjects, (waiters, waitresses, and 
bartenders) were recruited from the Knoxville, TN, 
Standard Mciropolitan Statistical Area (SMSA) (Knox, 
Anderson, and Blount counties). Establishments were 
considered eligible for participation if the seating capacity 
was greater than 25. and if smoking was permined in the 
esiablishmeni. Segregation of fee esoblishmetic into smok¬ 
ing and non-smoking areas was acceptable. Fastfood 
restaurants were excluded. In tenns of the establishments 
selected, roughly 25% of the total eligible establishments 
was represented (see below). Virtually every establishment 
in the phone book was initially contacted. The primary 
reason for non-participation in the study was failure to 
reach agreement with fee manager. This was particularly 
true in "chain" establishments. Additionally, in some cases, 
no employees were non-smokers, which precluded fee 
establishment from participating. However, fee establish- 
ments included represented fee entire range of style, cuisine, 
and cost in this area. 

No more than eight participants were recruited from any 
one establishment — no more than four bartenders and four 
servers. Subjects were recruited through direct contact with 
the manager of the establishment, who was also asked to 
provide information relative to the smoking habits of the 
employees. The manager was paid a gratuity, and was also 
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tilcnved to become a subject if the eligibiliiy criteria were 
met. This step was considered necessary in order to ensure 
the cooperatioa of the manager with the study, given the 
customer-intensive nature of die business. Individual 
subjects had to report a non-smoking stanis for 6 months 
prior to the sampling period, be non-users of nicotme- 
coDiaintng smoking-cessation aids, and be at least 18 years 
of ^e. Subjects were screened as to selected occupations of 
household members or activist affiliations of ibc^ own or 
household membets which might bias their participation. 
Excluded bom the study were subjects who lived with 
jovnnalists and members of the media, the legal, advertising, 
marketing research, public relations, tobacco manufocturing 
and distribution professions, and members of and- smoking 
groups and selected health groups. Subjects were also 
excluded if members of their household worked for a branch 
of the state or Federal government which might have an 
interest in the outcome of the study. 

The subjects were asked to report to a central site for 
instruction on pump usage and recordkeeping (workplace 
diaries), and collection of saliva samples. Instrucdon 
consisted of a videotape presencation, augmented by an 
insliuctor, to ensure that each subject received comparable 
instruction. Demographic and lifestyle informaiion was 
collected from the subjects using questionnaires adminis¬ 
tered during their first and last visits to the test coordination 
site, (Questionnaire material was similar to that used in a 
previous study (Jenkins et al., 1996), but reorganiaed to 
reflect changes in experimental design.) Saliva samples 
were collected during the fust and last visits, Subjects also 
received a gratuity for their participaiion. 

In all, 173 subjects participated in the study, of whom 
eight were excluded fi'om the data cgmpilaiions reported 
here because of salivary cotinine levels believed to be 
indicative of at least occasional active smoking. A dis¬ 
crimination level of 30 ng/ml (Etzel, 1990) was chosen in 
order to exclude those subjects who may have smoked 
while wearing the sampling pumps. This level, established 
prior to the initiation of the study, was twice as high as used 
in the authors’ previous snidy (Jenkins ei al,, 1996), 
because there was greater concern about incorrectly 
^eluding Subjects from these occupational caiegories with 
perceived higher ETS exposures. Only six subjects had 
average salivary cotinine levels dial fell between 15 and 30 
ng/ml. 

In general, the demographics of the study population 
(see Table 1) showed them to be more educated, younger, 
and have lower household incomes than the US popuiadon 
as a whole. Few non-Caucasians participated in the study. 
These subject demographics are most likely a reflection of 
the study being conducted in a town with a large state- 
supporred university and a job which is frequently held by 
college students. However, no claim as to representativeness 
relative to other geographic locations is made. 

3« 
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Sampling Equipment 

The sampling equipment was essentially idendcal to that 
described by Ogden et al. (1996a) and used previously by 
the authors (Jenkins et al., 1996). A single, sound- 
insulated constant-flow pump was used to collect both the 
vapor phase and particulate [iiaae samples. Vapor phase 
samples were collected using XAD-4 cartridges (SKC, 
Eighty-Four, PA) at a rate of approximately 0.7 l/min. 
Vapor phase samples were analyz^ for nicotine and 3- 
cthenyl pyridine. Particulate phase samples were collected 
using 37 nim Fluoropoie™ filters a: a flow rate of 1.7 1/ 
min. Particle phase markets determined as pan of this study 
were; respirable suspended pardculaic inaiier (RSP, 4.0 pm 
or Smaller), ultraviolet-absorbing particulate matter 
(UVPM), fluorescing particulate mater (PPM), and 
solanesoL A cyclone vonex assembly (Sensidyne, Clear- 
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itcr FL) preceded the filter cassene, such that the materia] 
on the filter was all of re^irahle (-<4 /nn mass tsedian 
aerodynamic diameter) size. The sampling sysleiBS were 
assembled u the test coordination site, using the Allowing 
proceduiB. Pre-weighed (see Meikods section) filters 
identified by bar-code labels were placed in the s a m p l ing 
head XAD-4 cartridges were labeled, the glass tips bioken 
ad, and installed in the sampling head Using two ntass flow 
nneteis, the particulatt phase flow was adjusted to 1,7 l/min. 
The resuldctg vapor phase flow was measured (usually 
around 0.7 l/imn) and recorded When the sampling 
systems were returned to the test site by the subjects 
following sampling, sample durations and flow rates were 
recorded again. Average flow cates (mean of start and 
ending) were used to calculaie ETS marker concentrations. 

Two saliva samples, designated Start and End, were 
collected with Salivettes (Sarstedt, Newton, NC), which 
were comprised of a sterile cotton cylitidrical swab 
contained inside a clear plastic centrifuge tube. The Stan 
sample was collected during the first visit of the subject to 
the test coordination facility, and the End sample was 
collected approximately 24 h (but sometimes 48 h) later ai 
the same location, when the subjects returned their air 
sampling systems. Samples were collected by having the 
subjects open the nibc and drop the swabs into their mouths 
chout touching the swab. The swab was chewed 
igorously for 60 s, and expelled back into the tube without 
hand contact. Samples (saliva and breathing zone ETS) 
were stored in a cooler containing dry ice prior to transport 
to the labotaioty. There, they were stored in freezers at 
— 20'C until analyzed. The saliva samples were shipped on 
dry ice to the analytical laboratory. 

In contrast to work previously reporred by the authors, 
the sampling pump/power pack unit was placed in a lumbar 
support fanny pack (SunDog, Seattle. WA). The fanny 
pack acted to minimize movement of the sampling pump, 
which was considered critical for occupations in which there 
may be a lot of physical movement of the subject. In 
addition, it was less conspicuous than the system previously 
used (Jenkins et al., 1996). which was supported by a 
shoulder strap, The sampling head was attached to a small 
lanyard around the neck of the subject, such that the head 
could be kept in the breathing zone at all times. The 
sampling pump and sampling head were stored in the fanny 
pack until use by the subject. 

Systems used for area samples were assembled in an 
identical manner. The same sampling et^uipment was used, 
although the use of the fanny pack was not usually required. 
After identificarion of the individuals for whom area 
samples were to be taken as well, the area sampler was 
elivered and installed at the establishment by ORNL staff, 
very atrcmpi was made to match the area sampler with the 
working area and work shift of the individual, or with rhai of 
multiple subjects in the same facility. In many cases, the 


subjects diemsefves were insmieted to nun off the area 
sampler when dieir work shift ended. Digital photographs 
were taken in order to document the position of the area 
samplers, and incorporated into the resulting database for 
this study. 

Analydad Methods 

Analytical chemical procedures have been described in 
detail elsewhere (Conner etaL, 1990; Ogden, 1991; Ogden 
and Maioio, 1992; Ogden et al., 1990). Briefly, gas phase 
samples were extracted using 1.5 ml ethyl acetate contain¬ 
ing 0.5% triethylamine and 3.2 «ig/ml quinoline (intemal 
Standard). The analysis was performed using a Kewleti- 
Packatd Model 5890A gas chromatograph equipped with a 
Model 7673 autosampler, a BOM DB-5 capillary column 
(0,32 mm i.d., 1.3 ttm film thickness), and a nitrogen/ 
phosphorus detector. RSP was determined by weighing the 
filters in triplicate on an electrobalance (Cahn) after 
overnight incubation at 30% humidity. After sampling, the 
procedure was repeated, and the difference reported as RSP. 
The remaining paniculate phase inarksre — UVPM, FPM 
and solanesol —■ were determined after extraction of the 
filter with 3.0 ml methanol. UVPM and FPM were 
determined simultaneously using a Hewlett- Packard Model 
1990 HPLC equipped with an aucosampler, a short section 
of 0.2 mm tubing (to replace the column), and sequenrial 
diode array and fluorescence detectors. Solanesol was 
determined using a Hewlett-Packard model 1090 HPLC 
equipped with an autosampler, a Spherisorb-ODS column 
(4.6 mm i.d., 25 cm long) and a diode array detector 
operated at 205 nm. The mobile phase was 100% methanol. 
All values were measured in microgtam per sample, and 
converted to microgram per cubic meter using the flow 
duration data. Salivary cotinine was determined using gas 
chromatography with nitrogen-specific detection (Jacob ct 
al., 1981). 

Quality Control 

For each day that either area samples or personal samples 
were sent out, a field blank was taken. To generate the 
field blank, the sampling unit was completely assembled, 
subjected to an initial flow check, and stored at the 
staging area until the sampling systems with which the 
field blank was associated were returned. Finally, the unit 
was subjected to a final flow detcnnination, identically to 
a completed sample. These field blank samples were 
analyzed blind with the actual subject and area samples 
for al! of the analytes. For RSP measurements, each filter 
was incubated in a controlled humidity chamber (50% 
relative humidity) for 24 h prior to weighing. The filters 
were then placed under an ionizing unit (Statiemaster, 
NRD, Grand Island, NY) for 5- 10 min to eliminate static 
cleccncity effects. The filters were then weighed. This 
process was repeated in triplicate for all of the filters, and 
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the result was nported as the average of the three 
weighings. For the remaining ebromatogiaphic analyses, 
calibration curves contained a minimum of seven levels, 
method blanks were run at a minimum of one for every 
10 samples, and calibration checks were made at a similar 
ftequency for the entire calibration range, Because of the 
consumptive nature of the extractions, it was not possible 
to obtain true duplicate analysis. For the saliva samples, 
field blanks were chewed by members of the operations 
team whose exposure to ETS was deemed to be very low, 
and analy 2 ed blind by Labstat. 

lAmia of Detection 

Limits of detection (LOD), in terms of microgiam per 
sample, are reported for the air markers in Table 2. (The 
limit of quandficadon for the salivary cotinme was I 0 ng/ 
ml.) In general, a value of 3x the smndard deviation of 
repeated analyses of the method blanks was used as the 
criterioR for the LOD. RSP had the highest LOD, 25 ^g/ 
sample, while nicotine had the lowest LOD, at 30 rg/ 
sample. In terms of air marker concentrations, the LOD for 
an individual sample depends on the sample volume, which 
in cum is dependent on the sampling flow rate and duration. 
Also reported in Tabic 2 is the fraction of samples which 
were at or below the LOD for each of foe air constituents. In 
general, a slightly smaller fraction of foe area samples was at 
or below the LOD, compared with the personal exposure 
samples. This may be due to somewhat longer sampling 
durations for the area samples. There was considerable 
variation in the reported fractions, from 2.4% for FPM in the 
area samples, to 46% for UVPM in the personal exposure 
samples In no case did foe fraction exceed 50%. 


Results and discussion 
Study Sample Composition 

The final subject base included 85 restaurant wait staff and 
80 bartenders. The total number of establishments in which 
foe subjects worked was 49. Area samplers were placed in 
85 separate locations within these facilities. While we 
believe that the methods used in recruiting did not bias the 
composition of the subject base, it is interesting to compare 


the demographic information with what would normally be 
expected from foe U.5. populauoo in general. Ih this study 
(Table 1), foe subject population tended to be young, well* 
educated, and of low income. Those participants in the 
higher age brackets tended to be either owners of foe 
establishment or to be employees or more upscale escablish- 
ments. This suggests foat for these subjects as an 
Occupational group, these jobs are temporary, either until 
finishing college or acquiring a permanent job. 

Two general challenges were encountered during the 
recruiting process. First, recruiting an adequate number of 
bartenders who fit foe study design was difficult. Based on 
manager survey responses, we found that the fraction of 
bartenders who were current non-smokers was only about 
50%. In some establishments, foe fraction was less than 
20%. Secondly, there was some difficulty in obtaining 
agreement from tnanagcis to allow participanoo of employ¬ 
ees in the study. This was particularly true of chain 
restaurants, where the restaunuit manager needed to get 
approval from a legional manager. There was a perception 
among the managers that the dining/entenainment experi¬ 
ence of customers who observed wait staff or bartenders 
wearing foe pumps would be diminished. 

In the Knoxville SMSA, there arc approximately 350 
establishments listed in the Yellow Pages as either 
restaurants or taverns (not including foe fastfood group). 
Of these, about are regional/national chains, with foe 

remaining 70% being locally owned and operated. As 
mentioned above, difficulty was encountered recruiting 
subjects who worked in foe chain restaurants. Only 10% of 
the establishments in the study represented regional/ 
national chains, although these establishments accounted 
for 20% of the area samples and almost 20% of the study 
participants. Also, according to foe Alcoholic Beverages 
Commission, there are 148 establishments in Knox County 
which are licensed lo sell liquor by foe drink. Forty-two of 
those were participants in this study. 

Based on observations made during subject recruiting 
and placement of area samplers, it became apparent from the 
wide range of environments chat it would b« useful to 
characterize the establishments in terms of the services 
provided and physical nature of the customer service area. 
Four classifications were derived: Single-room bar no 
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'bblc Jh Spe*ni» n&k eombiioii eoeffloenti i&f peOMtl expacure 
lamplcs. 



UVPM 

FPM 

RSF 

Ssl-PM 

Nieoline 

3-EP 

UVPM 

1.000 

0.952 

0.722 

0.850 

0781 

0,756 

FPM 

0.882 

l.DOO 

0.733 

0.896 

0.824 

0.783 

RSP 

a722 

0.7S3 

IJUO 

061$ 

9jytn 

0.658 

Sot-PM 

OiSO 

0.896 

0.615 

1.000 

0806 

0734 

’Nicsom 

0.781 

0.824 

0.647 

0.806 

1.000 

0J90 

J-EP 

0.TS6 

0.78$ 

0.638 

0714 

0890 

1.000 


paititions, prinuuy service is bcvcieges; Single-room 
RStaunnt/1w oo parddons, taut serving s fiill menu of 
food; Muld/room lestauiant/bar both full bar and foil 
service menu, mote than one distinct atea; and Restsinaot 
only: no bar. 


MdSiBUiUK Mt /• 


Of the lestautaui/tavem ficilities in the Knoxville 
SMSA, about 15% would be classified as single raatn bats, 
wth the other three eategoties each inakiflg up about 25- 
30%. (Note foat these factions do not account for the 
study tequirement that qualifying foeiliiies had to have a 
miniffium of 25 cnstomer seats.) In this study, 30% of the 
establishments was single room bars, 20% single room 
taer/tesxBUtant, 10% testauiant only, and 40% multi-room 
bar/rratauiimt. Based on manager iqwns. ea. 28% bad 
sealing capacities between 25 and 100, 35% between iOt 
and 200, 24% between 201 and 300, and 13% greater than 
300. 

ETS Marker Levels 

hi Table 3 are sununaiized the Spearman tank coneladon 
coefiicients for the personal exposure samples. All of the 


TsbJt 4. ConctnDaiions of ETS coestiaietits in ares ■nd peisonal exposure umples subJreB uridi avasge silivuy csonine >30 ng/ml mi/or sunplirg rime 
<3.0 h exetuded. 



ETS comiwnent csncenbaiiona. gim 





RSP 

UVPM 

FPM 

Solannel 

Sol-PM 

3-EP 

Nicotine 

Area samples 








.ber aiens, Median 

66 

10.2 

16.8 

0.327 

10.8 

0.5BO 

0.816 

Mean 

73 

29.4 

29.3 

0.619 

20.4 

1.44 

6.01 

Standard cU:viatioc 

67 

44J 

32.5 

0.840 

27.7 

2.13 

11.9 

Minimum 

0 

0.0 

2.1 

0.000 

0.0 

0 

0 

MutiTnum 

233 

174 

1$t 

3.72 

>23 

8. S3 

49.3 

SOdi percenrile 

117 

47.4 

40.6 

1.10 

36.3 

1.92 

6.96 

9$(h pcTcvntiJe 

100 

12$ 

86.5 

1.9S 

6S.4 

5,37 

34.2 

Bar areas, A/=* 53 Median 

82 

4S.S 

35-4 

0.827 

27.J 

1.16 

5.80 

Mean 

135 

95.0 

90.6 

2J4 

74,0 

3.48 

14.4 

Sandard deviotioa 

146 

US 

107 

3.08 

102 

3.8S 

16.9 

Minimum 

0 

0.0 

1.9 

0.000 

0.0 

0.00 

0.00 

Maximum 

768 

449 

436 

11.9 

393 

16.1 

61.3 

SOrti peicenltld 

223 

J7i 

154 

4.70 

155 

7.23 

29,4 

95(h percenrile 

369 

331 

326 

9.13 

301 

10.2 

450 

PtnO'ial exposure samples 








Sanendcr, iV-ao Median 

il2 

43 J 

40.6 

0.826 

27.3 

1.17 

4.45 

Mew 

151 

too 

98.4 

2.33 

77.0 

3.31 

14.1 

Standard deviation 

120 

127 

116 

3.20 

106 

4.12 

20,9 

Minimum 

0 

0.0 

2.2 

0.00 

0.0 

0 

0.000 

M^ximuni 

$11 

487 

4S3 

14.3 

473 

23.6 

lie 

SOih peirenrilc 

239 

168 

158 

4.27 

141 

5.96 

27,1 

93ih pettenlile 

42S 

377 

370 

10.6 

350 

lOJ 

43.i 

Wail staff. .V« S3 Median 

87 

6.2 

20.0 

0.226 

7.5 

0.59 

1.16 

Mean 

tio 

36,9 

37.2 

0.768 

2SJ 

1.73 

5.83 

Sandard devianon 

in 

5S.7 

45.2 

1.19 

39J 

2.84 

11.9 

Mlniinuffl 

0 

0.0 

0.3 

0.00 

0.0 

0.00 

0.00 

Maximum 

d74 

288 

243 

4.98 

164 

H.9 

67.9 

SOrh petceiUiie 

182 

73.9 

56.3 

1.12 

37.0 

2.62 

6-12 

95lh peTcef7Ht« 

386 

160 

t27 

3-7S 

124 

6.58 

28.9 
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values are cousidsied lo be highly significant (^<0.01). 
Hie lowest conelations woe found between RSP and the 
tobacco'Specific markers, Sol'PM, 3'EP. and nicotine. 
There are multiple sources of R5P. in addition to ETS, likely 
to be present in these efiviionmeats, so eoirelations would 
be expected to be lower. 

In Table 4 are sununaiized the ETS coiutiTueiit 
cencentiatioiu for both the personal exposure and area 
monitoring samples. The range of concentratioiu in the 
personal exposure sonnies is considerable. For example, 
nicotine levels encounteiod by bartenders ranged fiom 
undetectable to more than 100 while RSP levels 

ranged fiom undetectable up to 511 figf tr?. Comparing the 
baitenders to the wait staff, median concemiiitions for 
faartenden were generally two- to four-fold greater for ETS 
constituents other than RSP — a oon-tobacco-specifie 
maiker. (Note that (he median UVPM levels for the wait 
staff were abnormally low, due to higher-than-expected 
detection limits for this class of samples. Concentrations 
below the detection limits were taken os 0 for this 
compilaiian.) 

When an^yzing the data in temis of the type of 
establishmeot, it became apparent that there are large 
diScTcnces in levels of ETS constituents encountered within 
the baitcsder occupational category related to the type of 
work environment Compaiing the cumulative distributions 
for nicotine between bartenders in single nsom bars and 
bartenders in multi-room lestauiant/bais, Figure 1 indicates 


a coneenbadoa diSimenee of an order of magnitude. The 
distribution of tiie nicotine levels for die baztendets m the 
multi -room bor/iestautants is comparable to char of the wait 
Staff in all facilities. Similar diffeccncea in levels woe noted 
for foe other tobacco-speexfie markets. 

Concentrations determined fiom foe area sao^ling 
^ibited a similxr wide range. For example nicotine levels 
ranged fiom undetectable to 61 pg/m’ in bar areas. FPM 
levels ranged fiom 2 to 436 jxg/m^. The maximum RSP 
level measured in all foe areas was 768 qiproxi- 

macely a foctor of 6J less that foe OSHA-mandamd 8-h 
TWA level of 5000 t^g/n? for respirable particulates, lii 
general, taken as a group, the area concentration measure¬ 
ments were riot di«atimilar fiom foe personal exposure levels. 
This is discussed in greater detail below. Siegel (1993) has 
reviewed earlier studies in restaurants and bars, and reported 
weighted means. Nicotine concentrations in our study 
(means: 14.4 for bar areas and bars, and 6.01 

m^ for restaurants) were similar to fotwe reported by Siegel 
(19.7 and 6.5 ^g/m\ respective^). However, foe RSP 
levels in this study (67 /ig/Trr and 135 for 

restaurants and bar areas) were considerably lower than 
those summarized by Siegel (117 and 348 Mg/m’, 
respectively). However, Siegel did not specify whether 
“particulates” were respirable only (RSP) nr total sus¬ 
pended particulate matter (TSP). Lambert n aL (1993) 

reported comparisons of area samples in smoking and non¬ 
smoking sections of a small number restaurants in one US 



Fifare 1. Cumdative dutribviioiu of study labjects scjrcgaietj by job ctassiTicaiion and *ork venue, as a function of shift length tilcotine 
eoncenL/auon. 
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'■birS. Median ETSMtQnncnicotKcnmxiDiviK SOS'udbancodcn 
in diis study vs. waiten/vnhruaes/berteniien is 16 cities study* 


Siibjen group 

Medws ET$ cornponant 

IlSP 

FPM 

Sol-PM 

3-EP 

Nicxnfaie 

BailEiulns. 

112 

40.6 

27.3 

1.17 

44S 

WWi staff, V“33 

82 

M.O 

7J 

0.59 

1.16 

Waiias/a'ahiesiai/ 

43 

14.6 

S.0 

1.12 

3.83 


bencndcn in 16 cities 

Study, 14 _ 

’Jeiilcine a ol. (1996}. 


city. When the results of our aien sampli&g are segregated 
by smoking and non-smoking areas, the results are &iriy 
comparable to or somewhat higher than those reported by 
Lambert. For stan^Ie, for samples collected in this study in 
smoking areas, median RSP and nicotine levels were 66 
and 7.7 pg/m^, respectively, compared with 53,2 ^g/m^ 
and 3.2 reported by Lambert. For area samples 

collected in non-smoking areas in this Study, median RSP 
and nicotine levels were 48 fig/m^ and 0.8 
respectively, compared to those reported by Lambert of 42 
and 1.0 /ig/m^. Thus, tesulis of this study confirm 
chatwsposure to ETS is reduced for non-smoking customert 
by establishing separate areas in facilities, and that the 
Exposure to nicotine is reduced to a greater degree ban is 
exposure to paniculate matter. 

It is difficult to draw direct comparisons between 
personal exposure concentration results from this study 
with those of a similar occupational class in the previous 16 
cities study (Jenkins et al., 1996), because in the latter, no 


Xfasiarvlie 4f aL 


OD 


disdacdon was made between wait staff and barrendeis. 
However, because of the work shift requirement, it is likely 
that there were few bartenders in the 16 dries study. 
Inieiestjngly, work shift average levels for the earher study 
ftrr the measured vapor phase ETS consiittiencs fall between 
those of the waitsiafi' and bartenders in this study (see Table 
5). However, the particle phase constituent levels meesured 
in the previous study tend to be lower than those of the wait 
staff (the gmup from this study exposed to smaller 
concentrations of ETS). DiiTerences may be due to the 
time of day in which samples were collected (mostly 
ev enin g for this Study, vs. daytime for the 16 cities 
subjects). 

When the ETS constituent levels are sorted by gender 
and occupational class for this study, one interesting finding 
emerges. For bartendeis, there appear to important gender- 
related trends (see Table 6). For example, median levels of 
ETS vapor phase constituents to which male bartenders 
were exposed were greater than those to which female 
bartenders were exposed. Median levels of Sol-PM and 
FPM were also higher, but those of RSP and UVPM were 
slightly lower. However, for wait staff, females encountered 
higher ETS consdtuent levels across the distributions 
(median, mean, 80th percentile, etc.) for vitTuaily all ETS 
constituents, with the exception of RSP. (Note that the 
difference between median Sol-PM levels for male and 
female wait staff was not signi&cani at the p=Q.05 level.) 
This suggests that waitresses may be exposed to higher 
levels of ETS components than waiters. Sampling across a 
broader variety of geographic locations would need to be 
performed to confirm this preliminary finding. 


Table $. Sjmmiiy of levels of ETS componens ro wbieb subjeca were exposed segreguion by oceupanonal cuegery 


ana ^naer. 


Subject (x:cupatianal 
caWBury 

G«Tid<r 


Total smoking Sample ETS eoinpcment concefiTratjons. 

produce! observed dwation. h j^jp pp^,^ Sol-p.M 

3.EP 

Nicdtme 

Waj[ staff 

Female, <5 

Median 

12 

4.7 

107 

12.3 

24.3 

12.8 

0.70 

1.27 



Mean 

26 

4,9 

110 

48,3 

45,9 

32.4 

2.33 

8.13 



SOih percentile 

49 

S.3 

159 

S3,2 

71.6 

62.7 

4.11 

14.16 



9}lh pereeniile 

B9 

6.7 

350 

171 

156 

135 

6.69 

34,06 


Male. v=36 

Median 

3 

4.5 

73 

4.2 

16.4 

4.4 

0.53 

1.20 



Mean 

14 

4.S 

no 

24.7 

27.8 

17,9 

1.06 

3.17 



goth pereenole 

22 

5.3 

201 

30.0 


28.7 

1.41 

3.9a 



^3th pcfcenriie 

44 

6.3 

333 

{Al 

105 

63.4 

2.93 

10.13 

fiartenders 

Fcmaic. V=35 

Median 

24 

53 

IIS 

S2-S 

36.7 

23.6 

0.89 

3.41 



Mean 

no 

3,4 

162 

108 

99.1 

31.5 

3.41 

14.46 



gOih pefcenrilc 

73 

6.3 

287 

186 

J69 

148 

6.76 

21.76 



95ih percentile 

373 

7.H 

42; 

386 

352 

292 

n.S5 

61.60 


Male. .V=ii 

Median 

43 

5.18 

112 

43.3 

43.4 

30,9 

2,51 

5.35 

k 


Mean 

72 

3.52 

143 

96.6 

99.9 

74.8 

3.30 

14.16 

f 


90th percentile 

103 

6.69 

222 

159 

147 

127 

5.41 

28.12 



95ih pereenDle 

264 

8.2! 

409 

368 

361 

330 

9.79 

39.57 
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Cotinine JUsults 

Of die 173 subjects whose saxnpling punips •worked long 
enough to obtain meaningful data, eight •were excluded 
because they were deemed to have reiS'teponed their 
eunent smoking status. The ciiterion for exclusion was an 
average (of start and finish) salivary counine level of >30 
ng/mL This level is considered to be the highest 
concemranon which could teasonably expected m be 
encountered in individuals •who are true non-smokeis 
(Etel, 1990), receiving nicotine exposure only fiom 
secondary sources (i.e., ETS). In its risk assessment of 
ETS atposure and lung cancer, the US Envirotunental 
Preteedan Agency efiTectively defined ihe level of salivary 
codnine at which non-anokeis can be disctimioaied fiuia 
“occasional” smokers as 10% of the mean salivary cotinine 
level of all self-reported smokers (U.S. Environmental 
Protection Agency, 1993). In a nationally representative 
study of salivary cotinine levels, Ogden et el. (1997) 
repotted the mean level of all smokers to be 350 ng/ml. 
Thus, 10% of that value is 35 ng/mi, a level with no 
operational difibrence from the 30 ng/irti used in this study 
(i.e., no subjects fell within the range of 30-35 ng/tnl), 
Fcr the subjects which were excluded in our study from 
fiirther consideration, ETS nicotine levels encountered 
were not particularly high; mediaii=0.58 although 

the mean level was >10x higher, due to one individual's 
high level. 

For this study, we made no direct companson between 
measured nicotine exposure and salivary cotinine, Direct 
measurement of ETS nicotine exposure was not perfbnned 


on these subjects fbr a substaniial fraction of Iheir day. 
Frnnartty, no personal exposure samples were obtaioed 
away-fiom-work using a second collwtion syatem. Sec- 
oiully, for a large portion of the subjects, it is clear that the 
entire work shift was not covered by the sampling period, 
although for most of tire subjects, the difference in tune was 
small Thus, comparison of an iniegrated measurement such 
as salivary cotinine with a 4-6 -h measurement of nicotine 
exposure was believed to serve no purpose. 

While dam from a study previously conducted by the 
authors (Jenkins and Counts, 1999; Jenldns et al., 1996) 
have demonstrated little correlation between individual 
salivary eotinine levels and individual 24'b nicotine 
exposures, on a group basis, med'ian or mean Icvda of 
salivary cotinine are highly correlated wtith median/mean 
ETS nicotine exposures. Judging from the group statistics 
for salivary cotinine in this study, for wait staff and 
bartenders who live with smokers, exposure to ETS outside 
the workplace appears to be at least as important as exposure 
in the workplace. For example, in Table 7 are reported group 
statistics for salivary cotinine levels by job category and 
home smoking status. Median salivary eotinine level for 
bartenders living in smoking homes was 4.35 ng/ml vs. 
2.00 ng/ml for bartendeis living in nou-smoking homes. 
(Smoking status of the homes was judged by self-rcpotts of 
whether regular occupants of the home, other than the 
subject, smoked at home. The difference in medians is 
statistically significant at thep=0.01 level,) The same trend 
was observed for the wait staff. Based on the shift average 
nicotine coneentraiion to which groups were exposed in the 


Tkbk 7. Saliviiy cotinine iiu) shift average nicotine concentraaons; iinpoct of job eJsssifieaiion and smoking status of home. 


Home jtactu 

Job ctassifinuon 


Sampling Sallv^fy cotinine cQncmEntjon, ng/mi 

duration, h 5 ,^ Average of Start and End 

Shift average ntcotm* 

cDncemrofion. 

Smoking 

Wait waff, A''=J4 

sMedian 

4.7J 

3.60 

3.10 

4.08 

3.20 



Mcnn 

4.98 

4.00 

4.05 

4.32 

12.1 



SOth percentile 

3.91 

6 50 

6.05 

6.05 

17.8 



95% pereenriie 

S.70 

5.44 

10,6 

11.1 

54.0 


D&TTenders. y*29 

Median 

SJ3 

3.60 

4.35 

4.85 

12.6 



Mean 

3.76 

6.46 

5.97 

6.54 

19.2 



BOih pcTcennle 

6.75 

S.S6 

6.60 

8.97 

33.2 



9J(h percentile 

8.56 

20.6 

19.5 

20.2 

57.9 

Non-smoking 

Wait slaiF. .V-iB 

.MOsJian 

4.S3 

1.20 

1.30 

1.43 

0.93 



Mean 

4.79 

2.S6 

2.66 

2.61 

3.32 



80ih pereentile 

3Jt 

i2S 

3.80 

3.62 




95di percentile 

6.31 

7.49 

7.46 

8.24 

tS.2 


Bartenders. iV=5J 

Median 

3.06 

1.80 

2.00 

2.00 

3.90 



Mean 

5 31 

3.14 

4.24 

3.67 

11.2 



80th percentile 

6.J3 

4.30 

S.SO 

4.90 

20.1 



93th pereentile 

7.93 

12.6 

16.2 

12.8 

34.9 


a4 
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IkMc S. Comlatiao between ET5 eonsciiuent coacaicmiontr eres 
mooiSMing samples vs. personal expowTe samples (Af<a74 pairs). 


Constioietil 

Canvleiion coeilideni, K 

Coenkacnl of dcftiminuuni, A' 

BiP 

0.&S9 

(1434 

UVPM 

0.852 

0.727 

FPM 

0.B24 

0.732 

Selanesol 

0,899 

0.809 

3.ep 

0.736 

aj4I 

Niwiine 

0,699 

Q.4Sg 


workplace, it may at fiist appear that on- fte-job exposure is 
the chief contributor to the difference. For example, 
bartenders living in smoking homes were exposed to hi^cr 
levels of £TS nicotine on the job than bartenders living in 
non-smoking homes (median levels 12.6 vs. 3.9 

However, while the median shift average nicotine 
concentrarion for bartenders living in non-smoking homes 
was nearly comparable to that of wait staff living in smoking 
homes, there was a two-fold difference in the median 
salivary cotininc levels- Thus, difference in ar-work 
nicotine exposure does not seem to account for differences 

^ €0011106 levels. It should be noted that analysis of data 
m the previous ETS exposure study (Jenkins er al., 
1996) has suggested that subjects living wjth smokers are 
less averse to ETS exposure in the workplace, and 
frequently encounter higher ETS levels. Such may account 
for differences observed in this study. 


Cenparfson of Area. Monitoring and Personal Exposure 
ETS Levels 

When eonsideied in a group-wise fashion, the agreement 
between concentrations found in area samples and those 
detesmined by pcnonal moniuiing wns very good. For 
example, median levels of UVPM, 3-EP, and nicotiiK for 
area samples collected In the bar areas were 4S.5 
1.16 pglra^, and 5.S0 pg/m^ respectively. Comparable 
eonceniratioos for personal exposure samples for the 
bartenders were 43.3 pg/m^, 1.17 /sg/m*, and 4.45 yxg/ 
m^, respectively. (See Table 4. Note that not all subjects hod 
an association with an area sample. Thus, N for barten- 
dets-i-servers Is lower than foe coral nuinb«' of subjects.) 
Not only was this the case for median and mean values, but 
there was significant agreement at foe extremes of foe 
distiibucions. On the surface, this would suggest foat at least 
for these occupational categories in this urban area, area 
samples provided a good estimation of the average exposure 
(0 ETS. If this finding were repealed with national data 
obtained in a bn»der study, it might suggest foat area 
sampling would be a cost-effective and simpler alternative 
to personal moniwring. For exan^le, looking only at fog 
stadsiical aummary data presented in Tabic 4, one might 
conclude foat it would be sufficient to collect only area 
samples to estimate individual exposure to ETS compo- 

nents. 

This study was designed so that most of the area samples 
were collected in concert with the shift of individual 
subject(s), and as such, affords a direct comparison 
between area and personal breathing rone samples on a 



Figure 2. Cadpiirison of Sul-PM conointraiions determined by p«rs«n»l exposure measurtmenn vs. by area sampling, segreguted by job 
classincatlon. Only subjects for Oi'bich boib measurements arc available are Enc,tided. Note logarithmic scales- 
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subject by subject basis. When this coiuparisoa is made, ihe 
overall comlations were good For example, conelatian 
coefficients, R, for solanesol and nicotine were 0.90 and 
0.70 (see Table S). These values aie quite similar across foe 
suite of maikeis. While several of foe measuremenis were 
non.detects, and set to zero for tbe purpose of foas 
compiladon, foe influence of foe "^«ro levels'* on foe 
observed conelalion is minimal at best For estan^Ie, foe 
coeflicient of detominatton, R^. was determined to be 0.799 
for Sol'PM for foe banender area vs, peisonal comparison. 
EUminalion of all data paiis foat contained a zero (total of 
nine pairs) reduced the to 0.78S. For mcotine ^ Sol- 
PM, foe biggest reduction of due to elimination of data 
pairs containing a zero value was foe Sol-PM for foe wait 
staff. Elimmationof33 data pain reduced foeit^ fiom 0.639 
to 0.580. 

However, foe data also indicated the area samples were 
useiiil for estimating indivuiual personal exposures to ETS 
only to within an order of magnitude, at best. For example, 
in Figures 2 and 3 ate compared foe pairs of personal 
exposure concentration with those of area samples for Sol- 
PM and mcotine, respectively. At nearly any specific area 
Soi -PM or nicotine concentration, peisonal exposure levels 
varied by one to two onleis of magnitude. For example, for 


area samples with a value of ajp pn a h na t ely 5 pg/m^ 
peisonal exposure levels ranged from ca. 0.4 pg/ia^ to ca.' 
^g/m^ for foe waiters and waitresses in the stmfy. Th^ 
extent of variation appears eamparable for both wait staf. 
and banendere, The range of variadon of personal exposure; 
is even greater at lower ETS constituent levels (<I.O fig! 
a? for nicotine, and < 10 Sol-PM). Comparisons o: 

ofoer martgps showed similar ranges of values. The ranger 
of personal levels encfoistered at a given area level are no 
particularly suipiising, given foe range of vendlaiior 
systems in foe iaeiliries in dus study, and difforences ir 
ociiviiy patterns and micioenviio&mencs among foe sub¬ 
jects. Overall, these data suppon the hypofoesis that 
individual exposure can be best estimated fay persons! 
breathing zone sampling. 

Comparisons of Exposures 

Because of the higher concentrations of ETS components tc 
which they were exposed, bairendeis had two- to four-foie 
higher exposures than wait staff despite comparable work 
shift duration (see Table 9). This is not an unexpected 
finding. Interestingly, the comparison between exposures ot 
wait staff and those of tbe subjects in foe 16 cides study 
(Jenkins ei aL, 1996) who wofoed in environments where 
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Tkbb 9. Conadtueot exposm^j (dunsonxesimsitacloa, in m h/m*) iin sufajccU in itiil snidy compared wtih Eubjees wariong in covireniM&B «im 
anoking wu umeoiccd, 14 cicee* study. 


Shift latgth, h Coimiwtm ncptnurg. Mg h/m* 





RSP 

FPM 

Sol.PM 

J-EP 

Nleoiiiie 

BvtBoilefi, 

Medim 

5.2 

575 

209 

<29 

177 

22.4 


M«aa 

SJ 

SSI 

S16 

453 

18.91 

BlJ 


30th pecentlle 

6.1 

1462 

1005 

792 

3I.S 

143 


95ifa penendlc 

62 

2404 

2595 

1973 

40.7 

343 

Weil suH 

Modim 

4.6 

332 

91.4 

37.8 

Z90 

J.S3 


Mean 

4.9 

523 

189 

133 

8.87 

30.0 


UMi pereeuBk 

S.S 

S44 

300 

164 

UJ 

34.1 


9jlli pcseendle 

6.3 

1583 

779 

364 

45.3 

158.7 

16 ciqu subjeers in lovesincted smoking wofkrplDces, ^=134 

MeCiaa 

S.Z 

304 

59J 

8.92 

3.94 

8.48 


Mnn 

g.2 

489 

L86 

113 

10.9 

23.8 


gOrb pereennle 

9.0 

614 

237 

tio 

14,7 

36.3 


95* percentile 

9.0 

1311 

744 

519 

48-7 

113 


smoking was unrcsiricffid. is more complex. For example, does not support these estimates. For example, che median 

median exposures to combusiion-derived particulates workplace ETS nicotine exposure for wait staif in rhis study 

(FTM), as well as ETS-specific particulates (Sol-FM), was ea. 3.6 n% h/in’, compared with away-ftom-work 
are higher for the wait staff {Mean levels are closer to exposures of subjects resulting from unresCricied spousal 
comparabitlty.) However, median exposures of the wait smoking measured in the authors' previous study (Jenkins 

swffto ETS-derived vaporphase components, nicotine and et aL, 1996) of 22.1 (j-g h/m’. (Note chat some of the 

3- EP, are somewhat lower. Note that the differences for the subjects worked longer shifts than their pump was acnially 

gas phase constituents are approximately proportional to sampling. For waiters, correcting the ETS exposure upward 

differences in shift length. That the wait staff might be for the contribution of this longer shift duration would have 

exposed to somewhat higher levels of combustion-derived been small, an increase of ca. 20% or less for most wait staff, 

particulate matter (FP.M) is not sunirfsitig, given the degree and ca. 8% or less for bartenders.) For bartenders in dtis 

of cooking that occurs in restaurants, compared with other study, the median work place ETS nicotine exposure was 

workplaces, Above the 50th percentile, the exposures over 22.4- pg h/m^, only very slightly greater foan that from 

4- 3 h work shifts for the wait staff were not dissimilar from spousal smoking determined in the 16 cities study of 22,1 

those experienced by 16 cities subjects in unrestricted ^gh/m^. ForRSP, median exposu/efbrbattendets was 575 

smoking workplaces over 3-h shifts. Exposures of pg h/m^, vs. 323 fig h/m^ from spousal smoking. At the 

bartenders were clearly higher. extrsmes of the exposure distributions, workplace exposure 

Siegel, in his summary assessmenr of ETS levels in for these bartenders was substantially greater than that from 

restaurants and bars, estimated that restaurant workers — spousal smoking. For example, at the 95th percentile level 

presumably wairers and waitresses — receive exposures to (both studies), banender nicodne exposure was 343 p;g h/ 

ETS that are at least 1.3x greater than those received by m\ compared with 113 pg h/m^ for away-from-work 

non-smokers living in smoking homes. For bartenders, she exposure froin spousal smoking. Note however, that the 

difference was estimated by Siegel to be 4.4-fold. A three-fold difference is less than that estimated by Siegel, 

comparison of the personal exposure data rqsorted here with The fraction of inhalable paniculate matter comprised of 

that from the authors' previous study (Jenkins eta!.. 1996) ETS-dcrived paniculate matter (Sol-PM) appears to be 


T«hl« 10. Sol-PM;!lSP rsiios for subjects by job (Ussifionon comparison of results from <his study vs. 16 cities snidy’. 


Tha stmiy ciitcs soitf 

Wait slflfT UiifT^ndcri Waitgis/^aitrgsigs/baftcTxfere All iubjects wofkin^ in unrc5trictc<l tmoking cnvironTTCTus 


8 Cfh peTcgntile 0.-^2 
'Jenkins cc a). (19961. 
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gtta:eT for wait staff and baitenden, relative to workais in 
hreader job classificalioiis where smoking is umesthcted. 
For example, in Table 10 are compared the Sol-PMJISP 
ratios &r subjects in this soidy, compaced with the waiter/ 
waitress/bansnder classification and ail worken in unrest* 
licted smoking workplaces from the authors’ earlier study 
(Jertidns et al., 1996). Based on the distributions presented 
m Table IQ, bartenders work in an environment where ETS 
appears to comprise a larger fiaction of the RPM. In general, 
the distribution of Sol-PM:RSP ratios for wait staff in this 
study was comparable to that of the waiter/waliress/ 
bartender job class in the 16 cities study, builiigher than 
that of subjects working in unrestricted smoking environ¬ 
ments. However, when these data are compared with that in 
Table 9, which contrasts exposures in these environments, 
the situation becomes more complex. For example, in Table 
9, while the exposure of tiie wait staff in this study to the 
vapor phase components of ETS was lower than that of the 
16 cities subjects in unrestricted smoking workplaces, the 
exposure to Sol-PM (and FPM) was higher. This suggests 
that the relationship between ETS panicle and vapor phase 
constituents may be difFerent for the rcstauiunt/ber 
environment chan for other smoking environments. There 
are certain features of the lesraurant environinenc which 
might contribute to this effect. Solanesol and FPM are 
known to be degraded by light (Ogden and Richardson, 
1996). Many of the restaurant In this study were relatively 
dark, suggesting that the rate of pre-collection degradation 
of the solanesol may not be die same as that in other 
working enviroitments where higher intensities of light are 
present. The extent to which high-temperature cooking of 
solanaceous vegetables (e.g., tomatoes, green peppers, 
eggplants) in these environments could contribute lo 
airborne solanesol is unknown, but may further complicate 
interpretation of the data. To address this issue would 
require a specifically targeted study. Interestingly, the mean 
ratio of ETS-derived RSP, taken as Sol-PM, to nicotine for 
al] data pairs (both atea and personal) which were non¬ 
zero (with three outliers excluded) was 10:2. This is nearly 
identical to the ratio of 10:1 that many investigators believe 
exists between ETS-derived RSP and nicotine (Jenkins et 
al., 1996). However, many ittvesiigaiois have mistakenly 
concluded that vimialty all RSP in areas in which smoking 
occurs are derived from ETS, which, as the Sot-PM;K.SP 
ratios clearly demonstrate, is not the case. 


Conclusions 

While the job classification of restaurant wait staff and 
bartenders may generally be considered to be more highly 
exposed to ETS, data from this study suggest that the 
situnrion is more complex. First, there appears to be at least 
two classes of bartenders: those that work in single room/ 


area fieilities which are predommantly devoted to con¬ 
sumption of alcoholic beverages, and those that work as 
barrendeis in larger fecilities, such as a multi-taom 
restaurant/bar which has a greater emphasis on the serving 
of fbod. ETS concentration distributions suggest that the 
former group encounters levels of ETS which are perhaps 
10-&ld greater than those in the latter group. Distribution 
functions indicate that the latter group is exposed to HTS 
components at levels comparable to those encountered by 
waiters and waitresses. 

Exposures (concentration xduiaiion) to ETS of wah 
staff to ETS vapor phase components ranged from some¬ 
what lower than to that comparable to those of other 
workers in environments where smoking is unrestricted. 
This is more a result of short shifis worked by the wait staff, 
rather than lower or comparable ETS concentratioos 
encountered. However, exposures to ETS-derived patticu- 
late matter (Sol-PM) and other combustion-derived 
particulates is greater for the wait staff (and bartenders). 
The extent to which differences in vemilarion panems and 
cooking practices contribute to this phenomenon is 
unknown. Median workplace ETS exposures of wait staff 
in tiiis study were much lower than from those away-from- 
work due to spousal smoking measured in the authors’ 
previous study, and that bartender exposures were only 
slighdy higher. For the most highly exposed bartenders, 
workplace exposures were a factor of 3 greater than the 
away-from-work exposure associated with living with a 
smoking spouse. However, while no direct detBrminarion of 
personal exposure to ETS outside the workplace was 
performed as a pan of this study, salivary cotinine data 
suggest that for those wait staff and bartenders living in 
smoking homes, the environment away from work is at least 
as important a source of exposure to ETS as the workplace. 

Comparison of the ETS concentrations from area 
samples and those from personal exposure monitoring 
suggests that for at least the environments encountered in 
this study, with large numbers of samples, it may be 
possible to estimate Overall personal exposure from area 
samples. However, the results also clearly indicate that on a 
subject by subject basis, area sampling is limited to 
predicting individual personal exposures to within a factor 
of 10. 
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